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ABSTRACT

In this study, we explored the feasibility of automatically scoring descriptive assessment items using GPT-4 based
ChatGPT by comparing and analyzing the scoring results between teachers and GPT-4 based ChatGPT. For this
purpose, three descriptive items from the permutation and combination unit for first-year high school students
were selected from the KICE (Korea Institute for Curriculum and Evaluation) website. Items 1 and 2 had only one
problem-solving strategy, while Item 3 had more than two strategies. Two teachers, each with over eight years of
educational experience, graded answers from 204 students and compared these with the results from GPT-4 based
ChatGPT. Various techniques such as Few-Shot-CoT, SC, structured, and Iteratively prompts were utilized to construct
prompts for scoring, which were then inputted into GPT-4 based ChatGPT for scoring. The scoring results for Items
1 and 2 showed a strong correlation between the teachers’and GPT-4’s scoring. For Item 3, which involved multiple
problem-solving strategies, the student answers were first classified according to their strategies using prompts
inputted into GPT-4 based ChatGPT. Following this classification, scoring prompts tailored to each type were applied
and inputted into GPT-4 based ChatGPT for scoring, and these results also showed a strong correlation with the
teachers’ scoring. Through this, the potential for GPT-4 models utilizing prompt engineering to assist in teachers’
scoring was confirmed, and the limitations of this study and directions for future research were presented.
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NoE

|E MOHHO 2 HIIoh= WAL ChFot A E H|w, Mo 2XME ciZst
= 718t & Q= MEE o7 4 ZQ6iE A= ofdEC(Han &
Koh, 2014; Kim & Lee, 2013; Park et al., 2023). M&3 LWIl= &H&5XIQ 38t 7HiH0] 0|3 X 7|52 £ o S0
CHSt SAQl YHE Solgh 4 U1, ZUE SIEXINA S5O =M I8 HEH L= S JHSSIA Sti(Lee et al.,
2021; Na et al., 2018). 0|= National Council of Teachers of Mathematics (2000)0|A] W7t= 45t st58 X|lot
WALRL SHY RO RESt YHE S5 MIaHO0F Stotd ZXSt Hit YuMASSHCE SEX|2F Noh 2 (2008), Chung
Q| (2012), Kim 2| (2014)= M&™ 712 AHO| WALHA AlZHH, QXM 2EHE 25t YSS XIH6IU2H, Pang 2
(2023)= =2 & B2 AlZt ot0f SS9 0| NS BT MG OEM dli= A2 O{24S0| ULt SHUICE =0 &
ol M2 SHE Qo AX|l= MA 7|1&E O, 7131, A 7|1& ME, 1™ 7|& 28, MAE gHE 2PH0| WAA| &
Yot 22 & A0|2t O AHEICE SHXITE Sung (2023)2] AN QAUSKS WFAARS Solf SHYS2| Hotg FU4Xo=
Yot mEMS HZot 2, Ol= SSAHA EHR S¢S 7IRILY 2 = UAR7| W20 M H-HE X53t6to] i
Ate] HIIE EXGH= Ao oist HedE =& &+ ULt

olZ{st ZHQACZREH MEd HII0M ME HAHE XtSatotnAt ot Alees LAHRE EXcl ATt L2LE0M=
SIEHNSHHYIIE T2 CHYet Mad HIt Ats A A7t DHEAL MEY 2 As A Z203 £ 2ot
H(Jin et al., 2006, 2007, 2008), H2 WIS Q|5t MEYH 28 Xts A™E T2 724 72K (Noh et al., 2012, 2013,
2014), 3t=20 2% £& MEY Atz ™ T2 2 J§2(Noh et al., 2015, 2016), ZZE 7|8t M - =& XI5 JMA
oF MA|(Park et al., 2022, 2023) S0| 11 Of|0|Ct. SHX|2t O]2{St AASHA =2lst WHEL H 7X| A E 712ICt ™
N A MSEE £0|7] Qo X SH&(Supervised learning)” & HMEASHT UX|TE 0= MEFH 20| 7|ZHH HI0|EE T
QF Bt [ESH M3 ATSO|M HEYA 7|HH| XtA0f X{2](Natural Language Processing, NLP)? 7|&2 £6t 5t=20]
HH2|E 8oty U= Ol= & PN =2I5tIX} 5t +AIS EEl6t Y= e WM & 2SS g2 5=

or
I
1o
oH
o o

[
O

—_

$tH 20229 11€¥ OpenAlXA &HESH GPT-4 (Generative Pre—trained Transformer-4) 7[9t2] ChatGPTE 7|82
2 M NAH 7L 224%2l 21ZX|s(Artificial Intelligence, Al) A|LHO| S HA(Jung et al., 2023) XA 3(Generative) Al
£ 85t X3 ZHH0| thet MER H2 WA0| BT QU GPT-4= st 2| HI0|EE AtM a+&5510] SiEdt= I
A0 2 (Large Language Model, LLM) & SOTA (State-Of-The-Art) 222 LWIHL=Ct E3| H|X|=852] Zero-
Shot 21d0| 7t5otLl, &5t 81K Ofa A 7IEICH= FOIM 7|1E2] SHAIE 58 A1 ATA S &87tsd8 U
.20t OtL|2t ChatGPT2t Z& SMZ(Chatbot) MHIAE MZ35H0] ALZXI7F HME|SHA UHAt0| e EHAUS &

= 7 A0 St FTUMC &8 7Hsd Eot HojF QUL
ChatGPTE €83t M&3 Xt AR Wetof] thet =7| A7t X|2] & 25t W oA O|2O0{RLCE Baek 2| (2023)= &}

= 5
wit M= oA GPT-3.5 7[22] ChatGPTL| AHE Z et WAL ZHE ZutE H|W ot At W2 AEA| 7t LIEH

11, Seong} Shin (2023)2 X|2| Wt M3 HILOM L8 =S 280 tiol GPT-4 7|2t2| ChatGPTRt WALZ £04St
e AO[o] L2013t ATEAS AU S HT BE ChatGPTO Y2Ass THOIS TS0 HHS UKD M
ZI YBHOIK| 7Lt IEMO| BAMGHE SO| SIS XIMaHAT, B0t HTAHT HEfst ANS 27| Yot 54 A2

OT=E0E AX|L|O{Z(Prompt Engineering)S &3t A A7t Q6T oFRALE.

DEDE(Prompt)2 ALEXZL AlO|A Y=sts BHO0(Giray, 2023)E X6t1l, ZEDE AX|LI0{E0[2t Al 29| 4
ODEOES &7, M L 2| M3l5h= T2 MHAE 2|0|SHCHEkin, 2023). ChatGPT= WE X7t Z7HEX| 42 dE &
E(End-to-End) 20|22 AL R XE 2ots YHOE 2H5H7| OE7| HE0| Yy HE-E 2-5k= WHe
2s 4 Qlol D20 E AIX|LIO{ZI0| T B = SHI0|CH Wei 2| (2022)= MZte| Ak&(Chain of Thought, CoT) &
ELE J7|8S MAloIRCH, 7t HAE HdoteE X|AlotH St F29| HYPS e = AT 5Lt Kojima 2|
(2022)= CoT ZELE 7|HZ 7HMEt X}7| L2M(Self-Consistency, SC), 42t2| L}2(Tree Of Thought, ToT) ZE2X
E J7|¥S ArEotH oA AL Y F2 50| S0 £ U0 siRACE 2 A0 = Tt ZEDE AX|IL O 7|8S
HE5t0] ChatGPTL E&¢t £2 2 58S <HA7|1, 0|12 M&=Y T7t Xta 0 MEAL2M 11 Zo]| CHol =2
off 2 11K} ST},
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THH A7 WSS [T 2T,

1. ZELE AXLINEHE S8t GPT-4 7[8t2| ChatGPTL| =&t

2. LEDE AX|LIO{AZ S5 GPT-4 7|49 ChatGPTS| 2}
%foli= OfEEIF?

O|2X i

2022 WY +oft WKAPY0| IEH S5k YIto| Y2 shyo| 5t shgof et FEE +8 X ZE5t0] sty F
EH signt §8s Kdsts Ao= ﬂUrQI WYE SAlStH 3t LHE AMA Q| X|4] - Of3H, 2 - 715, 7HX] - Ef=2| =
Y U B ZXALL 50|, SHEHE, FE, AMAE A 22 23t wit HYS I ANA #8 ol 7, 22,
Bals 2H S8l S 285t0 Wéﬁf o2 H2fs EA5He] 2HIE siiZsti BhysteX], =2Xel EXE sdot =
£ ZHE MAlot=Xl, 28 80, 7|5, &, JHE SO 58 B &S| MEdt=Xl S L2{StTHMinistry of

Education, 2022). 0|2{5t H&s Hrtot7| 2[ch 2009 7HE ekt WKIYRE MEIY Fo| HWIIHD M HIH &
XE|1T QCHHan & Koh, 2014; Kim & Lee, 2013). M&& ™WIt= Tl 2X|E o Zot=0 RSt CHYst Z29| X|Alg

HIEC = offd Yots 710t AF, M 59 15 il 7552 Hotot=tl |/otH 2XciZ 2-E SHIEA Olchst U
=X| Itetshs ™W7tRE0|CHChang & Kim, 2014; Kim et al., 2012). M8 LIS £3§ ig% | A 2H|IZ siZ5t
1 FEoI=A| 2HALCEMN £etH JHEO| O] ~ZF 2t 31X 7|52 %2 ik, 22X oiZ Mz W, I8 S Itst
04 SISO CHSE LHIEQ HHE HE 4 UCHNa et al., 2018). £t WAL= MEY HIIE %SH SISO 2At S{EfQ| £
OHOi| CHo AF & AUE SHFACEMN WAZL HAISE WpshEat AHAISH0 ofs L0 CHet Olsi=E mefsty! 0| E=

oI}

JHQIE SHEY LEMS & == RUCHLee et al., 2021).

O
mI

(=LY

MEd "I s MEsHE Yols XA et W 2N HMaor W0| QIO SHA HMast W2 2X9
offd I MHE ZEotd HY Ha= ook WD, 24X Mot WHE2 ZH| oiE 2 2 HAE A|stote] 2 o
HEE ME QAE ML B+E F0ot= YWHOICH 24X Haat WH2 oo HAEE +X[3t & M2 ROHACEMN
SHIN Haof WHELH RAX; 2t HH XHE Z0|10 Yot XHEAL LHOIM T L2 3 HEHS XD = U= FHO0| AU
CHHwang et al., 2012). Kim2Zt Lee (2013)0)| =2 H 189 O 5t 8 WAISES MO R o ME0|M 2NN T4t
WH2 o T ZAH0| et HEE MSoHH SPYS0HAl 20l thet SHES M3 = U0 85.2%2] WAL Mad 2
g ZHEA -E-@.E. ’é.*—’n“—ﬁf YHS MSSIYULCE SHXTE Mad EEe| A= &2 Bt thet WALSS| ™ A7t OHE 5

8; Seo , 2010; Seong & Kwon, 1999).

t.
oetal.
o OIOE Lee Q| (2021): Mzg =2¢ 1I’” 2 B olU= M 71ES DY o, 7IES Sotd] 012] 2= 1Y
el

J1EE MEM = 7 MY 7IES TEY XS ﬁﬂéfmq SR ol HE| MEY 282 SS9 oot 5ol L

= Q7] W20 A7 |1EL= G| 022 JE0| Y - A7| HZOICH M2tA WA= Mad B7te] [ES 2lsh ™

d71E O, 7Y, A8 71E A8, A 7IE 2, M ¢HE 1EE 71X1 F StCt= 20ICt. XM= Noh 2/ (2008)2]

A0l ZHOISH 3 WAL 116F & 83HO| &t 28 ESHACE Noh 2| (2008), Chung
EENY

232’ S MED paw 2

9| (2012), Kim 2| (2014)82| ¢1710l &St WALE T MY+ TWEHC —‘?’—'é.*’, ‘—E—% AE =2
ool et 271 UULCE.

Ol2fet ZHQAC=RE] M=d H7I0| CHet RMFC YR E= MEE XSSt6t0At o= A7t CHYSHA| TIME|0] £t
C}. SF2DQUHTIIA O XS A A7t AIZE 0 2T (Noh et al., 2012, 2013, 2014, 2015, 2016; Park et al.,
2022, 2023), £5| Park 2| (2023)9] HTM= SHEUSIHEIIY AX2 438 M HII0| H3t X5 AES Al=st
7|% oAt

https://doi.org/10.7468/mathedu.2024.63.2.187 189



M at h E d u The Mathematical Education 2024;63(2):187-207

I ZHEM HEE 7|20 22 T, SME2 =21N FYst, 4% 59 1¥E Z8Y & UCk(Kapur, 1970;
Sriraman & English, 2004). 3tX|2 MSHO = 1S3ty &Fi X8 TS WAL 71EX|7| 0122 HE & 50|
(Kim et al., 2009a), &t&Xt= =t T8 HR0A ‘SN0 25t QT ‘SE0| &5t 2’ T FH| &dt E S
M7| 2Pgol M Cret @R E HOo|H e HAl, ‘Ho HAIMAM YYE= QMEXN o2 QU5 M7| X7t {F L A
ZIStCH(Batanero et al., 1997; Choi & Cho, 2016; Kim et al., 2007). &1t g SN 0[2{8t A{ZHS2Z QI
of ‘XM Y S w4 WO, "WAZ S XSO & w4 obE Woto] s H7F EUsHA Jtl%*5|7|E oLt

5t
(Kim et al., 2009b; Kim et al., 2011). £5|, =G &g} A ME=SH HIIE Edf SIS0 Z0| 1Y,
S2 SEXNOZ 2ME TRt U(Choi & Cho, 2016), 0| D=0 SHMQI £SHMEXE2 HEE 4 U0{0F 5
CtJung et al., 2010).
Fip X8 T2 CHE S0 HioH HIGAIN Aeto| 22 X7t tHE-20]1, 028t Tl E40 M2t SHES0A =
0l2 YOZICKKim et al., 2009a). Kim 2| (2009a) ¥ M= ‘ P=,_,P._,+,,P’0| ME&s= H0|

I'Ol Al-R

H>

st 2012018 ' 3
B RO THE HIFAIHSl 2HOR 250N, IiofHOF & X710] BT 2T SIS THatol siZiE 4 of
M SHES0] O] LZICHR SISIC SIS W7t 232 2015 W WRIHO| TSaHD 1813 43t Wit 9% 5 859 I

TAOIA QABIILE 22 2802 TR Y| B2 2 ARNME Y ST SUS HEfo| 23S GPT-4 7|4to)
ChatGPTS| XIS A 7Hs B 230 TYAIZICY E3t 227} X3t CHRI0| TS SHH 2H0]7] 20| SH0f Xjel

O{(Natural Language)?7t &0| AI2E|0H, SOt HA| EX|Q 5._ qU MBS 5 = HHOIM XIHANE At 28
gt = QUCH XA E 0| &35t Hot2 #2 Q|0|2t: CiUst A0 = H510| 7tso7| MZ0| =G X8 el Mad
HIL0IIA Xt210] X2[0l S=8F ChatGPTE ZHH0 &8 & U= 7Is8E BOFEL). Est &Fut X8 HHl2 XA It
0| AtE EOt 0|20z 4] 2|2 Hotoz AME ZH A, Xt¢10{2t 40| S&E0 U= X S Charst EHote| HEl
£ 3Qlgt = ot

2. M=d "Wt Xt& xhE

(1) Xt *T A|ARC| 212

s ZHH AABIR T = O SHY Hots UHAUOR, Hot M2 S0 ol Ut X2 HO|X|D MEEOo
2= o2 JHe Y11d|F TAZL AZE oo hJ(Plpellne)ol TEE P‘..' Ct. Figure 11t Z0| LHF 12|52 LUHO
2 XA0E ZARE7L QA = U= YH= HElo= A0 M| A, HetE AEjof M RS &0t M+E F0ot=
T AR L2 2 UCE A0 M| HA'=E T IAN0E 0f2] 7He] EEC= Z2|ot= EZ3KTokenization) HHA|, &
2|5 EZCZHH Y 2L 2E80{(Stoword) HMH, EALE SLAI7|= X0 (Lemmatization) F& S8 HAISH:=
HX2|(Preprocessing) B, 2|2 E2 E(Sequence)s ME{SHVectorization)ot= HIE|St HAH SOZ F2& 4= Ql
Ct. G720f M2 ‘A0 X2| A= CHISHA AAZIX|TE EZaE THAQ WISt HAl= A0 X2(2f sidl HAZM Ho RE
s M MA-UM SSH2E AHX|= TAHO|L.

dotdo s EZS} HAQ M2 HAl= O12] L5E HElA AX(Dictionary)g &HZE5t= YAQE O|R0{X|=0, &
Z0| APMC| MIAZ2= Park 2| (2023)9 °”|-_rL01|A1 2235t KSS (Korean Sentence Splltter) 50| UL}, CHSoZ HiH
3} A= A0 m2f ChYSH HERZE S 4= QUL Noh 2| (2016)2} Park 2 (2023)= £2|= EZ H2EE MK At
E(Feature)0|2} 22l= EME FET 5, 0|E HIE{SISIRALE. OIS S0, HEAE A8 H|E, =& 4 50| 0[0f| siFet

Ct. SHX|ZF 0|25t HHEZ2 ZE2XO = HAEQ ONI2X ZA gi0]| 01|A1|0|°| BMHAN EZOS ZASICH= A7 Tt
(Chung & O'Neil Jr, 1997). stH 22|=l EZ E2 EA-H0 &Z(Document-Term Matrix, DTM)&}5t=
St Bt @ X[(Corpus) MA|0| S&SH= EZO0ICE M2tA] HHE = 2F 2M0| ST

1 1 HA

M
[m]

THSICH, DTMOJIA &2 t= EZ9
HIEOf 7|8tot HIE{7} &= ZA0|Ct, DTM2} of= W Eot EZC| &=ME HtFEGHX| otz 9| otAE X|HES = U2
Lt, M0 ZatE EZo HITE BtE5tr U0 AMFH AHES FEot= WO HlsH Q0|E O gtPst= WHol2t & = U
Ct. £7I2 DTMSIE sty 2t EZ9 SR & HtHS TF-IDF (Term Frequency—Inver Document Frequency)

dHEST G| M0|= Lo Ct

WA THA S 0| M2t O HEWZ O CHYSEA|TE A GIO|EQ HE OfR0 M2t X &E, HIX|E st&
(Unsupervised Learning)?Q2 235 £ £ QICt A X sH5S &5t M METII7t &M Eoto] ULZ n|2] &Y
Mot 5 AM™ HI0|EIE StEAIZ! AHE REE LIHX| CIO|HE MAot= YHOICE Noh 2| (2016), Park 2| (2023)2| ¢17
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£ HIRT 22| STt 0l0fl aiFBITtLl & 4 UCH XI= SHE0 2ot T2 Y= (Accuracy) S2 22 452 &Est
=0 80I5tCs HHO0| ALY SHX|2H XK= shs BHE2 Aq D2 HO[HEE £53517| 0{@7] E0| t: H7to Xgtst &
o, & st AZME X7t RO & = UM Eo 2 F7iet StHEtE stad A HI0IHE Y dot= =tEd
(Labeling)2 ¢lal #2 HIE0| ER3ICh= 3HAIZL UL oHH HIX| T sk WO ALEE= oiE8 Hot2 H, @F BH7H el
Ct. et %FHEQE HoHOF B Hott skeE EorSatol o] RAEE =gt 2, 7HY FAfe ‘é*ofoﬁ e LA !
oh= WAIS AI8BITH(Song et al., 2016). O], EtMC| RAIES AH[LSH7| fIoiM= HOtS HEISZH| XA FSl

Of Sh=E, _”S%QI LLMO| oI5t 2t E(Embedding)? 20| ALSE 4 ULt

| Tokenization |

l | Supervised Learning |
| Preprocessing I —
l ’ Unsupervised Learning I

| Vectorization I

<lLanguage Processing Stage> <Scoring Stage>

Figure 1. The automatic scoring system.

(2) ™ 22N MY AlQ| XI5 A 7tsH

UHIMOZ MAMS Al= HIAE SM S0| HEZ MEL SOI7I2 MASH= MusH A|AEIS O|0|3HCH(Taulli, 2023).
20184 M S7HE OpenAlite) GPTE“'o HEXMQI HIAE MM AIO|CH GPT= HHO| M) 227} 7t THELY, 7|
E’“OE ARBRI7L J2ist HIAEO| CHal 2% HEf2| EZ 8 S8ots 71 AE 7HX1 UL} X A|I-E 7|E2E OpenAl

Z|Z=9| GPT-1222E GPT-2, GPT-3, GPT-3.58 {A GPT-4E 3715t 2H, £5| GPT-4E AUZXICZ St A A
HI* ChatGPT= MMLU (Massive Multitask Language Understanding) iIUELE)OiIkI SIE o0 22 F F1 g5
2 7|S3tACHOpenAl, 2023). F0fh 210 REHQI GPT-42| SH2Z Qlof], A0 ZHS &E5t0] KM0IE HItoh= W
20| HFEIACE. SEX|ZE GPTEERL MEXZA Q] M52 SO X0|7t U= O[O0, X[&HQl =2|7t HRSHHChoi &
Park, 2023; Yoon et al., 2023).

GPT-4 7|8t9] ChatGPTE M0 &% I 12foiof g SR ChZut 20| MAIE 2= QUCt.

Y, HAEO| MMO| CHst Al JHX|1L O|R0{ZICt. Ol GPT-4 7|8t9] ChatGPTE shd Eot XM &Est2{™
CHYSE XIA[AF (Instruction)2 2L 5HOF B2 20|SHCE XIAJAFY2 GPT-4 7|Ht2] ChatGPT7t AFXIRL 2|0] QL=
SIE & £ UTE O3t WS XZot=s MFe HAEE Jt2|7ICt o€ S0 Hheo| st Hents Y=ist=s 42, &
A Srotofl CHS HiE X[Alg MESH= % A =2
£5l GPT-4 7|2t9] ChatGPTO|H ‘Al W
Ct.
=M, 0] XM2|'Q| §S0| HOE H2E 7|HEL}. A0 M| HA'=E XS T A|ARC 25 LHFE HAZN, XFG'(HE
ARE7LOlohY &= U= AWE = HYok= TAO|H, YHEO 2 AMM X WAIS AMSICE J2iLt 30| HAE X2

Sh A2 2 HElA 240 72H6tLl AU7| E0 a=3f Wit X|A} #A0] IotE MAEN = HEot0 X2|6 ¥7I01I:
E

M} SRS HAES MASICE T2EA SHY OIS YR O KIAAES
ARQILICE'9} 22 fBIEI0], FHHBIAI. O 22 TRIXQI S-S XIAISHO}

r!

m

—— T
2|7} ULCL HHH GPT-42| X = HHX|X| LUKt GPT-32 E&i6t HEE0| EHALM 7|8 10 22 BPE (Byte
Pair Encoding) $AI0 2 APHS 1&5}7| 20| GPT-4 L8t 13 202 =8 4= QICt BPE YAIQ| AM 11& diH=EO
SIEfA 20} 22| HIE 7|He] ZXMEX (Deterministic) BIHE ARSI &, X0 AF2E|= H[0|E LHL| HHo] S&t BT
st

Off et A0 A2 HOE 25| W20 CI0JE 2 S8 HEet MHS AYH2Z A5e = ULt ChatGPT2| 8t
& HI0[HQ| &2 iR HIHE & OfL|2t MATHL} GSM-8Ket Z2 =5} L|O|E|A [ESH T4 StEtt A2 Y2 U =

Jon

5 HAE 2M2 93t AHOR B2 £ 4 U (1202 ChatGPTE HOIHOIA MASIISNE 275t 81205 &
B3t 26719 100N B2 M52 EOICH: FHI, F7HE SIYLFE W Y LISASISANES UL 23t 230
et X 82 S22 20 ATk Z(Kwon et al., 2023) £t ChatGPTS 43t M3 T7H M0 B 4 = 2747}

https://doi.org/10.7468/mathedu.2024.63.2.187 191
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ZICHOpenAl, 2023).

M, ChatGPT= = £ AE FXE ZH=C0f A= £ AE ARG AR LHUCZRE SHZINA| o HO|| X2|5t=
TZE o|0fettt. HAM eiget et 20| 2 A& xHE AIé:.S CHotA|of mO|Z2tQl XS 27| 0| A8Xt= 2 LR
A CHSH =2 O[H=S 2HE L7t QUL SHX|2H ChatGPT2L Z2 AIE E A= A|AHIS ‘00| X{2| At ‘ZHE T
£ FHEokX| oM, MEXIt ats US| 2 ofH ot Hoi| X2|ot E=ats E0ELD). MatM ASXE7EAILE Z2{Jof| oY
ot A2 XAS ZFX| L0t ZETEDNS ChatGPTO| ot 2E2| Atits g =+ U= FFO| ULt SHX| T oHH
O 2= AZAH7t ChatGPT 25 Mot |0l O 7HX| SHAIZt U0 23 XIHIE Hot7 L Et6h= 20| &L=
X-Iol 0||:_|-

rir

0

_-—

LM, ChatGPTE MZF ZEOZM &&517| o ¢ ‘KIAAFEFOILL ZOH7HEHS(Hyper Parameter) 52 XXt
0 HHO ZAUE &Qlst= WHE 1ae & Ot £3|, %a% EHHO AME 7| Qo XIAAE & ™ HIAES X5t
= ZEZE AX|LNZS 12{e &= ULt ChatGPTE 7'<H Ol 22 32, YUMo = X[AAFLO ZHE X|&S ddotH Zt
Sl Hots S I MT0H| XISH 2 XIAARSO] A=A ECt ZP7Hs2= £ HIAES| Uo|dE Z™Y = U=
2 (Temperature), A4 E_!éé | Z|CH 7'OI(MaX|mum Length), EZ2] 2= (Likelihood)0ll M2 &E 5 ZHE
QA= A2 P (Top-p) ME2 S0| ULt Seongdt Shin (2023)2 MAQ| ME| SHHE 2l6l TemperatureE 022, Top—p
£ 12 8%V = ORiEL

3. ZEZE AXLUAE

LLME CIRAEZ EfAT(Downstream Task)?0ll H&35}7| QIaiAl= OJMZH(Fine-Tuning)0|L} ZEIE AIX|L|0{&

S 28 & Utt(Lee, 2021). OIMEFY2 LLM ZR0|A 2fZte| F715H5 HOIHE MSotH 229 ti/iH~S HHI0IE

511 0|2 HIZIOR O|= et SHUIN O & SHFITE BIEE 2 USICL SHXITH DIMAY WAIOZ DY MHS UH0|E
512{21 B2 HISO| SCt, B TE2IE AX|LOYE LLM 2| 2 BEDES M7, JHM U HMatots TRMAR A}
SR} Yot 32 F6H UCE WO DUS AGI0|ESHK YIE CIRAEY BAIS HIZ 283 4 UODI(Ekin,
2023) ZEDE AX|LIOYORE DHO| Y U= BAT 48 52 HOl= BTt HHLee, 2021). O[0f T2t 4
 Al0| 52 W20 ZHHO YHS D|Xs TEDE AX|LIOIYS 95t TZTE 7|0l TiEt 77} 2H| 01201

Table 1. Prompt strategies

Prompt strategies Description
Zero—shot The model infers tasks without any prior examples, relying solely on its pre—existing
knowledge
One-shot The model learns from a single example or case to perform a task
Few-shot The model learns from a small set of examples, typically ranging from 2 to 100, to grasp
a task

Chain of Thought

Zero-Shot-CoT Inputting ‘let’s think step by step.” in prompts that consist of ‘input, thought process,
output’
Few-Shot-CoT Based on examples that include intermediate steps in the thought process, the model

also outputs final results based on intermediate steps

Self-consistency Sampling various reasoning paths and then finding the most consistent answer among
the outputted reasoning paths

Tree of thought Implementing intermediate steps as a tree upon inputting a prompt and searching the
tree to find the optimal answer

[teratively prompt Gradually improving and adjusting the initial prompt as a process to obtain more accurate
and effective results for a specific task by optimizing the prompt

Generated knowledge prompting Allowing the model to generate knowledge on its own, then adding the generated
knowledge to the final prompt to obtain an answer

Structured prompt Systematically organizing and clarifying the input to the artificial intelligence model to
consistently obtain good results
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PSS
= ’ =]
TJ5IILt. Seongt Shin (2023)2 Baek 2| (2023)2] HFHL} ZAMZHQI GPT-47|4t2| ChatGPTE X|2| W2t M=
& HOIZ AHGIND, TESHE DEOER ‘03, 28, A HOt A JIE, 52 TAI'S ALBSIUCE SHXIDH & MR
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SHH 45t wite| A 2| s Mef0] 274 0]y =XH(Lee et al., 2021)& 2= U1, SHLEQ| O|A] EOts E&35H0 XXt
7|20 22X oHE MHE= =49 OA| EHerS 2Hdote] MY 2RIt ACkLee, 2024). M2tA 2 S0 M 3742
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Table 2. Best practices for prompt engineering and six strategies for getting better results

Best practices for prompt engineering Six strategies for getting better results
1. Use the latest model 1. Write clear instructions
2. Put instructions at the beginning of the - Include details in your query to get more relevant answers
prompt and use ### or """ to separate - Ask the model to adopt a persona
the instruction and context - Use delimiters ()) to clearly indicate distinct parts of the input
3. Be specific, descriptive and as detailed - Specify the steps required to complete a task
as possible about the desired context, - Provide examples
outcome, length, format, style, etc - Specify the desired length of the output
4. Articulate the desired output format 2. Provide reference text
through examples - Instruct the model to answer using a reference text
5. Start with Zero—shot, then Few-shot, - Instruct the model to answer with citations from a reference text
neither of them worked, then fine— 3. Split complex tasks into simpler subtasks
tune - Use intent classification to identify the most relevant instructions for a user query
6. Reduce “fluffy” and imprecise - For dialogue applications that require very long conversations, summarize or
descriptions filter previous dialogue
7. Instead of just saying what not to do, - Summarize long documents piecewise and construct a full summary recursively
say what to do instead 4. Give the model time to “think”
8. Code Generation Specific — Use - Instruct the model to work out its own solution before rushing to a conclusion
“leading words” to nudge the model - Use inner monologue or a sequence of queries to hide the model’s reasoning
toward a particular pattern process

- Ask the model if it missed anything on previous passes
5. Use external tools
- Use embeddings—based search to implement efficient knowledge retrieval
- Use code execution to perform more accurate calculations or call external APls
- Give the model access to specific functions
6. Test changes systematically
- Evaluate model outputs with reference to gold—-standard answers
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Table 3. ltems
Number [tems

1 Using the formula ,C,= prove that the equation ,C,=,.,C..;+,.,C; holds. (Note: 1<r<n) [4 points]

r r|(n r)I ’
2 The equation ,C=,,C.,+.,C, implies that ,C,, which represents the number of ways to choose r different items from n, and
.C.., representing the number of ways to choose n-r different items from n, are equivalent. This is because choosing
r different items out of n inherently means excluding the other n—r items. Thus, ,C, is the same as ,C,... lllustrate this
concept with examples in your discussion. (Note: 1<r<n) [4 points]

3 Calculate the number of numbers that can be formed by arranging the numbers 1 through 6 in a row, such that the
hundred-thousand’s place digit is greater than 2 and the unit’s place digit is less than 5. [10 points]

Table 4. The scoring criteria for items 1, 2, 3

[tem number Scoring criteria Score

1 Correctly expressed the term ,C,_; using a formula 1
Correctly expressed the term ,,C, using a formula
Perfectly solved and correctly expressed the equation ,C=,,C_;+.,C,
2 When a specific individual A is designated
Correctly expressed the meaning of,_,C,,
Correctly expressed the meaning of ,,C,

[N G TN

Correctly expressed the meaning of the equation ,C=,,C_+,,C,
3 Type A
When the total number of cases is calculated

When the number of cases where the hundred-thousand’s place digit is 2 or less and the cases
where the unit’s place digit is 5 or more are calculated separately

When the number of cases where the hundred-thousand’s place digit is 2 or less and the unit’s place 2
digit is 5 or more is calculated
When the number of cases where the hundred-thousand’s place digit is 2 or less or the unit’s place 2
digit is 5 or more is calculated
When the answer is correctly calculated 2
Type B

When the cases where the hundred-thousand’s place digit is 3 are correctly calculated
When the cases where the hundred-thousand’s place digit is 4 are correctly calculated
When the cases where the hundred-thousand’s place digit is 5 are correctly calculated
When the cases where the hundred-thousand’s place digit is 6 are correctly calculated

N NN NN

When the answer is correctly calculated using the addition principle
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Table 5. The scoring prompt in item 1 and 2

Scoring prompt for scoring item 1 Scoring prompt for scoring item 2

Role #4## You are Scoring a mathematical descriptive answer. Refer to the (Example Answer), {Scoring Criteria),
{Important Notes), and {Scoring Examples) for the following {Item), and output the results according to the
(Output rules.) #i##

Item/Example answer/Scoring criteria

Important  {Important Notes) 1. Scoring Criteria 1 and 2 can be {Important Notes) 1. Scoring Criteria 1, 2, 3, and 4 can
notes awarded 0 or 1 point. be awarded 0 or 1 point.
2. Scoring Criteria 3 can be awarded 0, 1, or 2 points. 2. Grade by referring to the {Scoring Examples).
3. Grade by referring to the {Scoring Examples). 3. Adhere to the {Output) rules.
4. Adhere to the {Output) rules. 4. If non—-mathematical symbols are used, deduct 1
5. If non—-mathematical symbols are used, deduct 1 point from the total score.
point from the total score. 5. No points are awarded if the left and right sides are
6. There must be ‘formula calculation’. If only the proven to be equal through formula calculation’.
meanings of the left and right sides are simply {/Important Notes)
described, no points are awarded. {/Important
Notes)

Scoring examples (provide four examples graded by the teacher as a few-shot demonstration)
Output {Output Rules){!--Write the content about the (Student {Output Rules){!--Write the content about the {Student

rules Answer) in the section enclosed by []". ——) Answer) in the section enclosed by ‘[]. ——)

1. For correctly expressing n—1Cr-1 as an equation: 1. If a specific individual A is set: [Scoring Rationale] [0
[Scoring Rationale] [0 or 1] point {I-- Round up if 0.5 or 1] point {I-= Round up if 0.5 points are given. ——)
points are given. ——) 2. For correctly expressing the meaning of n-1Cr-1:

2. For correctly expressing n—1Cr as an equation: [Scoring Rationale] [0 or 1] point {I-- Round up if 0.5
[Scoring Rationale] [0 or 1] point {I-= Round up if 0.5 points are given. ——)
points are given. ——) 3. For correctly expressing the meaning of n—1Cr:

3. For nCr=n-1Cr-1 + n-1Cr: [Scoring Rationale] [0 or [Scoring Rationale] [0 or 1] point {I-= Round up if 0.5
1 or 2] points {!-— Round up if 0.5 or 1.5 points are points are given. ——)
given.——) 4. For correctly expressing the meaning of nCr=n-—

4. Total Score [ ] points {/Output Rules) 1Cr=1 + n—1Cr: [Scoring Rationale] [0 or 1] point

{I-- Round up if 0.5 points are given. —=)
5. Total Score [ ] points {/Output Rules)
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Table 6. Item 3 answer type classification prompt

[tem 3 answer type classification prompt

Role ##t# You are to classify a math (Student Answer) provided by the User as either (Type A)’ or (Type B)’, based on the
approach to the item-solving process, and output according to the {(Output Rules). Note that classification is based
on the approach taken in the solution process, and errors in the calculation process of the provided answers are not
considered. ###

ltem 3

Type (Type A) {I-—Approach: Type that resolves the item by ‘subtracting the number of cases in the complement from the
total number of cases’™——)

The number of ways to arrange 6 numbers in a row is 6!=6*5*4*3*2*1=720. The number of cases where the digit in
the hundred—thousands place is 2 or less is 2*51=2*5*4*3*2*1=240. The number of cases where the digit in the ones
place is 5 or more is 2*5!=2*5*4*3*2*1=240. The number of cases where the digit in the hundred-thousands place
is 2 or less, and the digit in the ones place is 5 or more is 2*2*41=2*2*4*3*2*1=96. Therefore, the number of cases
where the hundred-thousands digit is 2 or less, or the ones digit is 5 or more is 240+240-96=384. Thus, the number
of cases we are looking for is 720-384=336. {/Type A)

(Type B) {I-—Approach: Type that solves the item by ‘dividing the cases according to a certain criterion and summing
each case’ using the addition principle--)

i) If the digit in the hundred-thousands place is 3: there are 3 possible digits for the ones place, which are 1, 2, 4, so
there are 3 cases, and the number of ways to arrange the other digits is 4!, so 3*41=72.

ii) If the digit in the hundred-thousands place is 4: there are 3 possible digits for the ones place, which are 1, 2, 3, so

there are 3 cases, and the number of ways to arrange the other digits is 4!, so 3*41=72,

iii) If the digit in the hundred-thousands place is 5: there are 4 possible digits for the ones place, which are 1, 2, 3, 4,

so there are 4 cases, and the number of ways to arrange the other digits is 4!, so 4*41=96.

iv) If the digit in the hundred-thousands place is 6: there are 4 possible digits for the ones place, which are 1, 2, 3, 4,

so there are 4 cases, and the number of ways to arrange the other digits is 4!, so 4*41=96.

Therefore, the total number of cases we are looking for is 72+72+96+96=336. {/Type B)

Output rules  {Output Rules) {|--Review the student answer to see if it is similar to Type A or Type B.--)

1. [{I--Review the student answer--)]

2. [{I--Evaluate the similarity of the student answer to Type A. Focus on the approach of the student answer, and do
not consider calculation errors in the similarity classification.—=)]

3. [{I-—Evaluate the similarity of the student answer to Type B. Focus on the approach of the student answer, and do
not consider calculation errors in the similarity classification.——)]

4. [(I--Describe the basis for which type, either Type A or Type B, the student answer’s approach is similar to—-)]

5. [{I--Output the result whether it is similar to Type A or B.—=) ‘This answer is similar to Type [].][<{/Output Rules)

Table 7. The scoring prompt by answer type for item 3

Type A scoring prompt Type B scoring prompt

Role ### You are Scoring a mathematical descriptive answer. Refer to the (Example Answer), {Scoring Criteria),
{Important Notes), and {Scoring Examples) for the following {ltem), and output the results according to the
(Output rules.) ###

Item 3/Example answer/Scoring criteria

Important notes  {ImportantNotes)1.Scoring Criteria 1, 4, 5, 6 can be awarded 0, 1, or 2 points.
2. Scoring Criteria 2, 3 can be awarded 0 or 1 point.
3. Grade by referring to the {(ScoringExamples).
4. Adhere to the (Output) rules.
5. Deduct 1 point from the total score if non-mathematical symbols such as =), =) are used.{/Important Notes)

Scoring examples (provide four examples graded by the teacher as a few-shot demonstration)
Output rules (Output Rules){!|--Write the content regarding the (Student  {Output Rules){|-—Write the content regarding the

Answer) in the section enclosed by []'. —=) (StudentAnsweryin the section enclosed by 1. ——)

1. If the total number of cases is calculated: [Scoring 1. If the cases where the digit in the hundred—
Rationale] [0, 1, or 2 points] {!-= Round up if 0.5 or 1.5 thousands place is 3 are accurately calculated:
points are given.——) [Scoring Rationale] [0, 1, or 2 points] {!-- Round

2. If the number of cases where the digit in the hundred- up if 0.5 or 1.5 points are given.——)
thousands place is 2 or less is calculated: [Scoring Rationale] 2. If the cases where the digit in the hundred—

[0 or 1 point] {I-- Round up if 0.5 points are given. ——) thousands place is 4 are accurately calculated:

3. If the number of cases where the digit in the ones place [Scoring Rationale] [0, 1, or 2 points] {!-- Round
is b or more is calculated: [Scoring Rationale] [0 or 1 up if 0.5 or 1.5 points are given.——)
point] {!-= Round up if 0.5 points are given. ——) 3. If the cases where the digit in the hundred-

4. If the number of cases where the digit in the hundred— thousands place is 5 are accurately calculated:
thousands place is 2 or less and the digit in the ones place is [Scoring Rationale] [0, 1, or 2 points] {I-- Round
5 or more is calculated: [Scoring Rationale] [0, 1, or 2 points] up if 0.5 or 1.5 points are given.——)

{I-= Round up if 0.5 or 1.5 points are given.——) 4. If the cases where the digit in the hundred-

5. If the number of cases where the digit in the hundred- thousands place is 6 are accurately calculated:
thousands place is 2 or less or the digit in the ones place [Scoring Rationale] [0, 1, or 2 points] {!-- Round
is b or more is calculated: [Scoring Rationale] [0, 1, or 2 up if 0.5 or 1.5 points are given.——)
points] {!-- Round up if 0.5 or 1.5 points are given.——) 5. If the answer is correctly calculated: [Scoring

6. If the answer is correctly calculated: [Scoring Rationale] [0, 1, Rationale] [0, 1, or 2 points] {I-= Round up if 0.5
or 2 points] {!-- Round up if 0.5 or 1.5 points are given.——) or 1.5 points are given.——)

7. Total Score [ ] points {/Output Rules) 6. Total Score [ ] points {/Output Rules)
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Table 8. Analysis of correlation for item 1 scoring

Teacher A Teacher B GPT-4 1st GPT-4 2nd GPT-4 3rd Mode
Teacher A 1 0.964 0.891 0.873 0.802 0.905
Teacher B - 1 0.845 0.860 0.792 0.872
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Table 9. Analysis of correlation for item 2 scoring

Teacher A Teacher B GPT-4 1st GPT-4 2nd GPT-4 3rd Mode
Teacher A 1 0.958 0.817 0.835 0.854 0.861
Teacher B - 1 0.795 0.804 0.832 0.834

2. 2 301 et xH°H Zxt
T o WAL 28 30f| et AHES Tl M 28 1, 29t St Y402 SFEIIX-EEH| HAlE 24 Feot W
HO| i 7|1ES HIZ2Z Yo|= MEst 30712 &0l CHoli 7AHE S ZI-lotACt. 7HiE Zut s WX 2 ZEO| KAl
CArIS 23T 5O 2oz §el HAlS &80t EHol JA| WHOZ Q1Y £ UL THSIRCE 0[0] ME FI7HXQ
A 7|1Z0] HQSITtn MG Table 4XE Q| H2AlS &8% Horel iH 7|22 F7I5IUCL & BO| WA= ¢ 30
CHet Eots 212 1214 "Fst 7 124 WXt AESHUL, AHE IHEOM E2te M&E0| BE5et A2 ERst 2E2 ¢ &
20M ZZHHOZ SEo H2E AR & 1, 22 SO =& 3 Eof ot & TR 18] AE X WX HE 0|
27 MOl HQE 229 2 0[H2 ULt
2| o2 H2H0| 271X[Ql 28 39| AL T WALt GPT-4 25 1747H9] HOtS M3 1, ‘B8t 1, 29 ZH2 WHOZ X
otz LA S MEfEE Hotg 2R £ MTchs YA HHS TIYSHUCE MM WAloZ HHS WS [ |
HIZ40| LIEFLEX| ©4= CIO|E{7t 497HRIC M O| HO|EE HM|2let 12572 TO|E 0| &2 AE ZA6IUCE = WAL :HE 2
2t HEA = 0.9652 IR 2o MEEA 7L UUL, WAL JF H42 2F GPT-4 *F 0| 4= 2 1, 20(M
LIEHGHE MEtA=E0 F2 2401 0.740-0.794 +F2 = £ f0] H20| UCHD sHASH 4~ AUACL F& 32| 125712 H[O]
Ef0 CHor &&tatA =4 ZutE He2lotH Table 101t 2Lt
Table 10. Analysis of correlation for item 3 scoring
Teacher A Teacher B GPT-4 1st GPT-4 2nd GPT-4 3rd Mode
Teacher A 1 0.965 0.756 0.794 0.784 0.769
Teacher B 1 0.740 0.793 0.769 0.758
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Table 11. Consistency rate for item classification

Teacher B GPT-4 1st GPT-4 2nd GPT-4 3rd Mode
Teacher A 100 (%) 96.000 (%) 93.714 (%) 93.714 (%) 96.000 (%)
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== = = = Type BE 2&0d}l
AULHH GPT-4= 0|2 D|2F=E EFSHALE M| H2| 257 Al=7t 25 et £|HIZH0| LIEtLEX| 8= S&E ERULt. Table 12
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Table 12. Student answer

Student answer

1 Among the numbers from 1 to 6, there are 4 numbers greater than 2, which are 3, 4, 5, and 6, thus for the hundred-thousand’s
place, there are 4 options (4C1, which means 4 choices). Similarly, for numbers less than 5, we have 4, 3, 2, and 1,
meaning the unit’s place also has 4 options (4C1, 4 choices). The remaining 4 digits have no restrictions, so we arrange
these 4 digits excluding the hundred-thousand’s and unit’s places. Since all these processes occur simultaneously, the
total is 4*4*3%2%1*4=384.

2 Hundred-thousand’s place numbers that cannot use 1,2=4 options.

Unit’s place numbers that cannot use 5, 6 and must be different from the hundred-thousand’s place number=3 options. (6
total numbers)-(number of options for the hundred-thousand’s and unit’s places) 4 options. Repeat the same method 2
more times. 4*3*4*3*2=288.
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Table 13. Analysis of correlation for item 3 scoring
Teacher A Teacher B GPT-4 1st GPT-4 2nd GPT-4 3rd Mode
Teacher A 1 0.957 0.920 0.911 0.898 0.931
Teacher B 1 0.917 0.908 0.896 0.928
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